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OF FOUR TYFES OF HIGH-LIFT FLAP ON AN
NACA 65-210 AIRFOIL SECTION

By Jdcnes F, Cahill
SUMMARY

An investigation was made in ths Langley two-dimensional
low—turbulence tunnels to develop flap configuretions for meximum
1ift of the NACA 65-210 airfoil section equipped with four types of
high-1ift flap. Iift and pitching-moment data were obtained for the
optimum configurations.- Scale effect and the effect of standard g
lesading~edge roughness an maximum 1ift coefficient were also . on
determined.

- Tests were made of three 25-psrcent—chord single slotted flaps
with the trailing edges of the slot lips locabted at 84, 90, and
97.5 percent of the alrfoil chord, and of a 3l.,2~percent~chord double
slotted flap. TFor the model with each of the flaps, the maximum 1ift
was shown to becom=z more sensitive to smell movements of the flap as
the flap deflection was increased. The maximum 1ift coefficient of
the aiyfoll wlth each of the single uslotted flaps was shown to be
ebout 2.%7 and that with the double slotted flap was 2.73 at &
Reynolds number of & X 10°, The maximum 1ift coefficient was shown
to increase as the Reynolds number wag increased in the range of
Reynolds number from 2 to 4 or 6 X 109, but in some cases the maximum
11ft coefflicient decreased at higher Reynolds numbers., The decrement
in maximum 1ift caused by standard roughness decreased -as the flap
deflection wes increased and at the higher deflections was approxi-
mately the same as the decrement obtained wlth the plain airfoil.

INTRODUCTION

An extensive investigstion of thin airfoll sections has been
undertaken by the Natlonel Advisory Committee for Aeronautics to
obtain information applicable to the design of high-speed airplanes.
Since very little data for fleps on thin FACA 6-series airfoil
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sections are availablo, tests were made of an NACA 65-210 airfoil
soction equipped with four types of high-lift flap.

The NACA 65-210 airfoll section wes believed to offer a
reascnable compromise between high maximm 1ifts and high critical
speede. The greatest amount of data available on the application
of high-11ft flaps to fairly thin airfoil sections has becon
obtained from tests of the NACA 23012 airfoll. Data on this
airfoil with variocue typos of flap have beon presented in
references 1, 2, end 3. These data wecre obtalned with a simple
slotted flap, twe slotted flaps with slobt-lips extended to
90 end 100 percent of the airfoil chard, end a double slotted
flap. Refercnce 2 shows that the maximm 1ift and the pltching-
moment Increment obteined with single slotbed flaps increase
as the length of the slot 1llp is increased. The double slotted
flap of reference 3 produced meximm lifte about the seme as the
plottad flap with the longest slot 1lip (Fowler flap) and pitching-
moment increments about the seme as the eingle slotted flap with
the 90-percent-chord lip extension. Tho use of long slot=1ip
oxtensions presents structural problems that are accentuated dbY
the very thin roar perts of the present NACA 6-series sections.
The flaps used in the present inveetigation were designod to .
provide ag much thicknese for structure in the slot 1lip as wes
considered campatible with reasonable flap thicknesses.

The present peper covers an investigation in the Langley
two-dimensionsl low-tuwrbulence tunnels of a series of slotted fleps
gimiler to the flaps of referonces 1 to 3. Tests wore mado to
develop optimum flap configurations for meximwm 1lift of three
slotted flepg with varying slot~lip oxbtoensions and of a double
slotted flap. Scale effoct, the effect of roughness on 1ift
characterisgtics, and pliching-noment characteristics with the
flaps deflected were also debormined.

SYMBOLS
Xy gectlon angle of abttack -
c basic airfoil chord
cy sectlion 11ft coefficlient
Clmex maximm section 11ft coefficlent
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e, /h- gectlon piltching-moment coefficient about
guarter-chord point
Acy increment of section 1lift coefficient -
Loy increment of meximum section 1ift coeificlenmt
Aomc /h increment of sectlion pitching-moment coefficient
’ aboitt guarter-~chord point - :
X, ¥ horizontal and verticel positions, respectively, of

flap reference point measured from most resrward
station of slot lip in percent o ¢ (x positive
forward end y positive below)

X1, V1 positions of fore-flap reference point -

Xo, ¥o positions of main-flap refersence polnt measured. from
trailing edge of fore Tlap -

Sp " deflection of flap, measured between flap chord line
when flap is dsflected and flap chord line when flap
is retracted

Srp deflection of fore flap, measured from wing chord line

R Reynolds number

MODELS -

The basic airfoil used Iin the present tests had a chord of
2 feet and campletely spanned the 3-foot-wide test soctioms of the
tunnels. The main part of the model shead of the Tlaps was
constiructed of mahogeny and was provided wilth detacheable tra:}.ling-
edge pleces for each of the flaps.

The flaps were constructed of steel and eech of the single
glotted flaps had a chord of 25 percent of the basic airfoil chord.

The single slotted flaps are designated slotted flaws 1, 2, and 3

and were designed with the trailing edge of the slot 1lip at 84, 90,
and 97.5 percent of the basic airfoil chord, respectively. Theee
Tleps hed thicknessed of 1k.16, 11.56, and 8 92 percent of the flap
chord, respectively. Slotted :f'lap 1 was uwsed az the mein-flap part
of the double slotted flap. The faore flep had a chord of 7.5 percent
of the basic airfoil chord. The final comfiguration of the fore flap
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and the main flap was such that the two flaps could be deflected as

a unil't end e¢nclosed withia the airfoll profile whon rotractud. The
total leongth of the cabinetion in thls configuretion was 31.2 percent
of' the besic airfoil chord. Ordinetes of tho alrfoil section 2nd

of the flaps sro givin in teble I and skotches of the various flaps
'in veiracted and extended positions are shown in figwa 1.

e Plsps were abinached to the mein part of thu airfoil by
Pittings at the ends that vermitted auny dssired poziiion or
daflection. For tho double slotted firp, ths forc Tlap and tho
miin flap wero mounted so that each flap could be saoved indonendently
wrtil e optimam position of the main flap with resyccv to tho fore )
Tlap was duveloped 2t the 50° doflaction znd thon the two flops wore ~
ettackod rigidly together. Comfipurstions af tho finps avo dofincd
by tho positions.of their roferonce points eng thelr doflections
art shown in figure L(b). The referoncc poiris ere dofinod as the
intergoction of tha flap chord lires =nd the contour of the flap _
nose, Dofloctione were mowsurod botween the flup ckhord line waen
the flap was retructed and the fiap chord lino wh=on the ficop was
doflecbod. When the double slobted flap was tostod .= & unli, vhe
Avflection wwo dofined by the dofloction of the main flep end the
forc. £flsp roferuncs point was uscd to dcfine ths vposlidtiom.

No. 400 carborundum pensr to produce eerodynumiczlly smooth surfaces.
Fer tho stundsrd lesding-odgo rovghnoss conditlon, the model surfacos
were the seme as in the smootk condition, but 0.011-inch erborundum
groins wers applled to the lesding ed3s over & Furface length of
0.03¢ measurei from the leading edge on each rurfasce. Tae roughness
eppliel coryvesponds to the definition of standard roughnees glven

in refsrence 4.

For the normml smpoth condition, the model wox fintsked with I

. TESTS

Proliminary teats of the model with each o:f.‘ .the flepe were
Tirst conducted at a Reynolds number of 2.4 X 100 for the purpote
o determining the optimm configuration of cnch {lap for maxirmum
lift., "Lift reedirgs were taken over ths pesk of the lift—curve
Tor a number of £lap positions at severwl flap defiections. In
euch cusBe ecnough positions were investigemted to enwsuro the cholce
of optimum position end to show the effect of deviations from
the opuimum confignration. Beczuse oF the larse number of tests

m

involved in debormining on absolute optimm canfiguration cf the ,
double slotted flep, the fore-flap snd main-flap dsilections ”

were sot abt 25° and 50%, respectlvely, and an optimm position
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of the main flap with respect to the fore flap wes doveloped.

timum positions of the fore flap and majn Tlap as a unit were
then developed for several flap deflections with the maein £lap
and fore flap held at this relative position.

Lift deta at Reynolds numbers of 2.4 end 6.0 X 106, pisching-
moment date, end dats on the effect of standard leading-edge
roughness were determined at the optimm configuration for sach
flap deflection for slobtted flaps 1 and 2 and for the double
slotbed flsp, and the scale effect on maximum 1lift was investl-
gated alt one deflection noar the deflection Tor maximm 1ift.

Tests of the model with slotted flep 3 were discontinued
after a few tests showed that the maximum 1ifits produced by usec
of this flap were no higher than the maximum lifts nroduced. by
use of slotted flaps 1 and 2.

A1l 1ift measurements wers made by the methods described
in reference 4 and were corrscted to Tree-air velues sccording
to the equatlions given in the appendix of reference M.

PEESENTATION OF RESULTS

Lift and pliching-moment data for the plain alrfoil from
reforence Ut are shown in figire 2. Lift date arc also shown
for the model with a 0.20¢ simlated split flep deflected 60°
for soeveral Reynolds oumbors. - el -
Contours of flap position for maximum 1:ift at several
doflections for each of the flaps are shown in figures 3 to 7.
In each figure the flap is drawn in at the position at which the
highost maximum 11ft was moasured. Figure 3 shows the contour
of valucs of maxirmm lift coefficlsnt for msin-flep positions with
rogépect to the fors-flap trailing edgs. Contours of values of
marimum 1ift coefficient for positions of tho main flap and. fore
flap as & unit at various deflections are proscnted in figure 4.
Preures 5, 6, and 7 show contoure obtainsed for various cle,flectw ons
of slotted fla:os 1, 2, and 3, rospoctively.

The Aate shown in figures 8 to 18, with the exception of data
for slotted flap 3, include 1ift cheractorieticd for the mddel
in both thoe smcooth and tho stenderd leading-cdgs rougimess
conditions, pltching-moment data and scals-effwect detse on 1ift
characteristics. For slotted flss-p 3, only the 1ift cheractoristics
al a Reynolds nuwber of 2.4 X 10° and tho seale~effcct date worc
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obtained. Thess data rchowed that the maximm liite obtained with
flap 3 were no higher then the maximum lifts cbtained with slotted
flaps 1 or 2. 8ince congbruction of & flap simller to slotted
flap 2 presents greeter problems then canstruction of aslotted
flaps 1 and 2, the tests of slotied flep 3 were dlscantinued.

x.

DISCUSSTION i

Optimum Configuraticns for Maximum IAft

In neerly all cases the contours show that, et the optimum
maximum 11t positlon, the gap betwesn the slot Yip and the flap
nose is slightly decreased gs the flap deflection 1a increesed.

In all, ceses, the flaps are shown to be mors sensitive to elight
changes in position as the deflection is increared. The contours
show the necassity for care in locating the mein flop and the

fore flap end in mainteining tolerances in comstructiom. For
exemple, in figure 4{e), a change of 1 percent of the wing chord
from the optimum position can cense & decrease of 16 percent in the
value of the maximum 1ift coefficient.

Scele Effect

Values of the mexirmm 1ift coefficlent are plotted in figure 19
againet Reynolds mupber for each of the fiaps. Thu mexisum 1184
of the eirfoll with eaoh of the fleps i shown to increase ag the
Reynolds nunmber is increased from 2 to ¥ or 6 X 109, but this effect
decreasios as the Reynolds number is incressed above 4 or 6 X 109,
The data for the model with the eplit flap deflectod £0C enow

& simllar scale sffoct but decidedly lover maximm 1ifts. Throughout

the range of Reynoldp numbey tosted the maxiynm 1irt coefficlent
of the plain airfoil increases =8 the Rémolds muber is increasged.
Figuree 9, 12, 15, and 13 show that at the higher Reynolds munbors
the 11it curves at low angles of abbuck are skifted downward.

Tests wore made at several different values of the dyramic progsure
et a Roynolds numbor of 6 X 100 (by verying the tunnel pressurc)
and tho rogults indicated that this downward shift of the 1lift
curves was not cewsed by deflections of the modgl. Thoe optimm
position found et a Reynolds numbor of 2.4 X 10° might not be

the optlmum at the higher Feynolds nunbors.



NACA TH No. 1191 T
Effect of Roughness -

Curves are presented in figure 20 that show theo decremont
in meximum 1ift coefficiont caused by the addition of etandard =~ T
roughness to the airfoll leading edge at various deflections of
throe of the flspe. In all cases ghown the effect of roughness =
on naximim 1ift decreasss with an incrcaese in Tlap defloction and '
at the higher deflactions is epproximately the semo as the effect
obtaincd from teste of the plain airfail. Figures 8(c), 1i(c),
and 14(c) show that, at high flsp deflections, the 1ift coofficionts
increaspo sharply up to tho msximum 1ift in the leading-edge roughness
condition. Tuft etudics showed that the flow ovor “tho flap wes
rough in the intermediats ronge of 1lift coefficient in both the
gmooth and the rough conditions and that in the rougk condition
the flow ovor tho Tlap improved before the main paxt of tho wing
stalled. No such improvemont wes nobed in tho smooth condition.
This effect is noticed in the data cbtained with ocach of thie flaps. ~ —
but ig very slight with the double slotted flap. For tests in
the smooth condition the modsl was kept very smooth and.accurately
to contour. Tho discussion of the 1lift charecteristics of rowh
airfoils contsincd in roforence 4 may be applied to these results.

Pitching Moments

Inopements of pitching-moment coefficient are plottod agalnst
increments of lift coefficient at an angle of atbtack of 0° in : :
figure 21. The roletion between thesc incroments is shown to o T
almost linear; this fact indicates thet the incremental load : -
distribution caused by doflection of ‘the flep remsins comstant in
shape for various deflections and depends only on the value of .
incremontal 1ift coefficiont. oo- S ' T -

Canparison of Fleps _ e

Values of the meximum lifts are plotted against flap deflection
in flgure 22 for slotted fleps 1 and 2 and the double slotted flap. -
The highest meximm 1ift coefficients measured were 2.47, 2.48,
end 2.46 with slotted flaps 1, 2, and 3, respectively, and 2.73
with the double slotted flap. The double slotted flap is shown
to produce the highost meximum 1ifts in both the mmooth and the
rough conditions. The maximum 1ift of the model with the doubls
8lotted flap with the lecding-edge roughness is only slightly

lower than the maximum 11ft of the model with the other flaps in
the smooth condition.
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Despite the large increases in aream obbained when slotted
Tleve 2 and 3 aro édoflccted, the maximmm 1ii't of the model with .
thhese flape wes no higher then the maximum 12t with slotted ' -
Tlap 1. The amall leading-edge radil of rlottod flaps 2 end 3 '
are bslieved to he responsible for the camparativeliy low maximm
Lifts. : T ST .

‘he pitching-moment increments presented in £i 21 show
that the pltching-moment incremont for a comotant 1474 increment
increases as the longtin to which the flap extends is increased.
The increments for the double slotted flap are shown to be
approximately equal to the increments for slotted flup 2. 'the
total chord, or flap ckord plus airfoil chord (to the end of
the slot lip), 18 the samc for these two flans. Tre Aecrease in
sirnlsne 1ift cocfficlent cmuged by the down lozd m the tall
required to trinm the wing pitching moment is aleo ghown in
Flgure 21. Thio dmm Load wes caleouwlated from the ecuatiom

T v s
where =~ - . - —- R _ : —:_
£Lcy 5 decrease in 1ift coerfflcient caused by down lcad on tail *
lg tail length in airfoll choris

Thig equation ig not exact since variationeg in downwash at )
who tail are lgnered; howevsr, the accurszcy is sufliciont to -
show 3 comparison among the vericur trypes of Tlap. salthough
thu piwching momenis srs considcrably highor for the douhle L S
slotted flap than for sloited fian 1, the differonca in the B
trim loads 18 not groet vnongh te changz the relative effectivoness .
of tho two flaps.

CONCLUSIONS R

A 2h-inch-chord modcl of the NACA 65-210 :=irfoil sectian . R
eaquipped with bthreae single glotted fleps having vorious slot-iip -
exuonsione and with a double slotted flap wes tesied in tho : S e o
Lengloy two—dimensionsl low-iturbulenco tunncls to develor flop ’
configurations for maximm 11ft. The rcsults of thu tostls
indicatsed the fellowing conclusions:

r

4
wk 1
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1. The moximpum lii‘t cogificient of the model wilth each of

uho single slotted flaps was sbout 2.47 und with tho dcudle slottqd.

fiep was 2.73 at & Roynolde number of 6 X 10¢
2. As the flap deflection was increased, the optirmm pogltion
the fliap beceme clossr to the upper slot lip and the
scns* tivity of the maximum 1ift to small movemsnts cf the flap
increased.

2. In a1l cases teeted, the meximm 1ift coefficient was
increased by incresases in kogrnolds mmber in the renge of Reynolds

number from 2 X 100 to 4 or 6 X 105, but in same ceses the meximum 14ft

ooeff‘icien‘h decreased. at values of he Reynolds muber gbove 4 er 6>\106

. The decremont 10 rexirsus 1Afh causod by stundard rousuness
decreascd as the flap doflection waz iIncreassd ond =t the higher
deflections was approximately the sams a3 the decrement obtained
with the plein asirfoil.

5 Pitching-moment increments caugod by fleop deflection were
higher at a constent value of lift incroment for the dcuble slotted
Tlap than for the single slotted flap with the chortest slobt-lip
cxtenslon but were approximately equel to the pitching-woment
incroments for the single slotted flap with the intermediate
slot-1lip extension. The loss in 1lift coafficiont caused by
trimming losds on the taill did not change the roletive effectiveness
of the flaps. o :

Langley Momorial Aesrcnauticsl Leboratory
Nationsl Advisory Committes for Aeronautics
Lengley Field, Va., September 5, 1946
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e

TABLE I.- ORDINATES FOR ATIRFOIL AND FLAPS
[A11 Aimensivns in percent of basic airfoil chord]

NACA 65-210 alrfoll

Slotted flep I

Upper surface

Lower surface

Lowar surface

Station | Ordinate

Station| Ordinste

o | e
T 39 %.069
B 2o
.32 | 1387
53131 EI;Eh
709 :65%
23,005 | 598
E&) ol
iR
85.0 2.057

0 [+}
322 -.719
1.331] =-i. 3
2.592] -1.
1021 -1,
606 -2.2
10.106 | -2.

i E

o
tr o
.

VIS
o . tissblbisy
KRESRRBERE

»01
A2

SREEE o ~rnen
AR

Upper surface
Btatlion | Ordinate
Q 2]

.28 1‘22
128 1232
%.29 i 0

38 322
?;. 2.?

.61 2.
g.gg 2.50
11.60 2:22
12, 1.91
l;. 1.%0
17.51 1.10
20.00 71
22.50 3l
25.00 ]
L.B. Radius: 0.80

Slope of rsdius through L.E.: 0.35

L.E. Radlusa: 0.687

8lops of redius through L.B.s 0.08Y4

8lotted flsp 2

8lotted flap 3

Upper surfsace

Lower surface

Upper surface

Lowsr surface

8tation | Ordinate

Station | Ordinate

8tation | Ordinate

Statlon | Ordinate

a [ .
W31 .
2| &

1.2 1.23

1.8 1.5

e | 2
12050 18
15.00 1.55
08| M@
22.50 38
25.00 o]

0.31 [ 2.56
g | ol
§:?§ =k
2| B
he | o2
28| i

0 o
3 .51
12 :i&
x| v
512% Jl.lig
2225 11?5
VeI
15238 15
30:38 2
22.50 33
23, 5t
25. o

0 4]

SRELGR Banmer
858582 ERSR &R
14
OF

L.E. Radfuss 0.40

8lope of radius through L.E.s 0.35°

L.E. Redluss 0.22

8lope of radius through L.EZ.: 0.3

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Fore flap
Statlion Upper Lower
ordinate |{ordinate
] o] 0
£ 1% |38
1.2 1. =1.2
1.gg 1. -1.11
2. 1.72 -. 2
2.92 1.7 -5
z% 1. 13; -.02
. 1. .18
2.2 1.13 .:7
7. 13 X
7.50 0 [¢]
L.E. Radiuss 1.20
(on chord line)

11
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(a) Flaps teated.
Figure l.- 8ketch of flaps tested on NACA 65-210 airfoil aection.
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¥lap chord line (retracted)

' B,

i

Airfoll chord line —,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

{b) Variables used to define flap configurations.
Figure l.- Concluded.
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Figure 2.- Sectlion 1ift and pitching-moment characteristics ot the
NACA 65-210 airfoll sectlon. (Reference L.)
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(b) Airfoll with 0.20¢c spllt flap.br = 600.
Figure 2.- Concluded.
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\ \
Flgure 3.~ Contoura of values of maximu 1ift coefficiant for main-flep poaitions with respest to fore-flap trailing edgs.
Double alotted flap; NACA 65-210 sirfoil; R = 2.h x 105 (approx.); &8pp =25%; x; =0,9; ¥ 519 8= 50°,
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(a) &p = 30°.

Pigure 5.- Contours of values of maximum 11ft coeffislent for poslitions of slotted flsp % at various flap
defleotions. MACA 65-210 airfoll; &= 2.4 x 108 (approz.).
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Figure 10.- Séction pitching-moment characteristics of the NACA 65-210 airfoll
with & 0.312c¢ double slotted flap, R = 6.0 x 10° (approx.).
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